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ABSTRACT
Context. Sagittarius A* (SgrA*) lying in the Galactic Centre 8 kpc from Earth, hosts the closest supermassive black hole known to
us. It is now inactive, but there is evidence indicating that about six million years ago it underwent a powerful outburst where the
luminosity could have approached the Eddington limit.
Aims. Motivated by the fact that in extragalaxies the supermassive black holes with similar masses and near-Eddington luminosities
are usually strong X-ray emitters, we calculate here the X-ray luminosity of SgrA*.
Methods. For that, we assume that the outburst was due to accretion of gas or the tidal disruption of a star.
Results. We show that these cases could precipitate on Earth a hard X-ray (i.e. hν > 2 keV) flux comparable to that from the current
quiescent sun. The flux in harder energy band 20 keV < hν < 100 keV, however, surpasses that from an X-class solar flare, and the
irradiation timescale is also much longer, ranging from weeks to 105 years depending on the outburst scenario.
Conclusions. In the solar system gas giants will suffer the biggest impact in their atmospheres. Lower-mass planets such as Earth
receive a level of radiation that might have played a role in the evolution of their primitive atmospheres, so that a detailed study of the
consequences deserves further investigation. Planetary systems closer to SgrA* receive higher irradiance levels, making them more
likely inhabitable.
1. Introduction
Supermassive black holes (SMBHs) intermittently undergo elec-
tromagnetic outbursts at the expense of the gravitational energies
of the infalling gas or stars, but during most of their lifetime they
are quiescent, “inactive”, and are found in the nuclei of galaxies
(Kormendy & Ho 2013). Our own Galaxy harbours one, SgrA*,
with a mass of about 4 × 106 M (see the review of Genzel et al.
2010, and references therein).
Although it is accepted that at early ages our Milky Way
(MW) was an Active Galactic Nucleus (AGN), the possibility
that during the past few Myrs SgrA* had an activity in the range
of an AGN has not been addressed because, at least partly, AGNs
have been thought to be uncommon. The common believe was
that AGNs are mostly triggered via galaxy mergers. There is ev-
idence suggesting that our Galaxy has not experienced a major
merger during the past 10 billion years (Gilmore et al. 2002).
This led to believe that the MW could not have had such an ac-
tivity recently, because the merger timescale is considered to be
too long.
However, this situation has changed significantly. Recent
studies of AGNs in the local universe suggest that SMBHs less
massive than 107 M, like SgrA*, could be frequently activated
by stochastic processes such as gravitational instability (Hop-
kins & Hernquist 2006). The frequency could be as high as once
? Corresponding author: Xian Chen, xian.chen@pku.edu.cn. Both
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every 107 − 108 years, with each burst lasting about 105 years
(Hopkins & Hernquist 2006). Because of them, it is not ruled
out that the Galactic Centre could have had a significant activity
at some point during the past 10 Myrs.
On the observational front, there is (mounting) observational
evidence that SgrA* could have undergone an energetic out-
burst about 2 − 8 Myr ago (Mezger et al. 1996; Nayakshin &
Cuadra 2005; Bland-Hawthorn et al. 2013a; Amaro-Seoane &
Chen 2014; Chen & Amaro-Seoane 2014, 2015), strengthened
by the discovery of the so-called “Fermi bubbles”. These are two
gamma-ray emitting bubbles located below and above the GC
and extending as much as 10 kpc (Dobler et al. 2010; Su et al.
2010) which can be explained either in terms of AGN outflows
(Zubovas et al. 2011; Guo & Mathews 2012; Mou et al. 2014),
star capture events in the last ∼ 10 Myrs (Cheng et al. 2011)
or a nuclear starburst (Su et al. 2010). The observed gamma-ray
activity fits the picture that until very recently SgrA* was orders
of magnitude more luminous in X-ray than it currently is (Ponti
et al. 2013, and references therein).
It is difficult to infer the corresponding bolometric luminos-
ity, and the current estimation of the peak luminosity falls in
the range of about (3 − 100)% of the Eddington limit LEdd '
5 × 1044 erg s−1 (Nayakshin & Cuadra 2005; Bland-Hawthorn
et al. 2013b), which is a usual value for an AGN. This level
of activity fits the framework of the aforementioned stochastic
AGN model.
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Current observations show that AGNs radiating at a lumi-
nosity close to the Eddington limit emit about 1% of their bolo-
metric luminosity in hard X-ray (hν > 2 keV) (Jin et al. 2012;
Vasudevan et al. 2014). Theoretically, we can explain this in the
context of a hot corona screening the accretion disc, as put for-
ward by (Lu & Yu 1999; Wang et al. 2004; Qiao & Liu 2017).
This means that the past activity of the MW must have had a
relatively important hard X-ray component.
The implications are interesting because of the potential im-
pact that this hard X-ray could have had on Earth in the past. We
note that this idea is not new. Indeed, Clarke (1981); Laviolette
(1987); Gonzalez (2005) looked into this possibility but did not
take into account that this might have happened much more re-
cently than they thought, because they lacked the observational
evidence and theoretical framework.
We note that the consequences of an enhanced hard X-ray
flux have been studied in detail in a different scenario: that of
a near-by gamma-ray burst (Dartnell 2011; Melott & Thomas
2011). The authors that a sudden enhancement of this irradiation
on Earth could increase the ionization of the upper atmosphere,
leading to a chain of secondary reactions, among which ozone
depletion, to a degree which depends on the fluence.
The magnitude of the impact in this or any other scenario is
determined by the intensity and duration of the X-ray irradiation,
as well as the spectral shape of the ionizing radiation. In this
article we address these factors in the scenario that we propose:
A possible recent active past of SgrA* .
2. X-ray irradiation from Sagittarius A*
In this section we consider two different possibilities for the out-
burst of radiation originating at the Galactic Centre: A relatively
recent AGN-like episode and a stellar tidal disruption event in a
quiescent SgrA* . We compare the X-ray irradiation levels in
both scenarios with those originating from three degrees of cur-
rent solar activity: a maximum, a minimum and a strong solar
flare.
2.1. A recent AGN-like episode
We can derive the X-ray irradiation that potentially hit Earth in
the past by using the model of Jin et al. (2012) for a sample of
unobscured AGNs. The unabsorbed, or unobscured, X-ray spec-
tral energy distribution (SED, i.e. the luminosity per logarithmic
energy bin) of an AGN can be modeled with a power law, which
is consistent with the corona model, as discussed in the introduc-
tion.
The model of Jin et al. (2012) provides us with the nor-
malization and power-law index. According to these templates,
given the ratio λEdd ≡ Lbol/LEdd between the bolometric lumi-
nosity Lbol and the Eddington luminosity LEdd, the luminosity
L2−10 keV of the photons in the band 2 keV < hν < 10 keV scales
as
log (L2−10 keV/Lbol) = −0.773 log(λEdd) − 2.004. (1)
The photon index Γ, the index of a power law which character-
izes the number of photons in each energy bin, is given by
Γ = 0.564 log(λEdd) + 2.246. (2)
The SED will have a power-law index of −Γ + 2. When convert-
ing the SED to the spectral irradiance on Earth (νFν), we apply
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Fig. 1. Comparison of X-ray irradiance on Earth from the Sun to-
day (the dashed lines) and a potential AGN-like episode (the four
solid lines) originating at the Galactic Centre. The thickness of the
solid lines corresponds to different accretion rates, more specifically to
λEdd = (0.1, 0.3, 1, 3), respectively (thicker means more efficient accre-
tion). The dashed lines, taken from Peres et al. (2000), from the bottom
to the top correspond to a minimum irradiance during the solar cycle, a
maximum one, and the top-most corresponds to an intense X-class solar
flare.
the extinction law of the Galactic plane (AK = 7.0 and RV = 3.1),
following Tan & Draine (2004). We do not consider the radiation
from the accretion disc because, given the Eddington ratio of our
interest (λEdd > 0.1), the disc SED peaks at UV and soft X-ray
bands, where the photons will be completely absorbed due to the
high extinction. I.e. the irradiation comes mostly from the corona
and we neglect the disc.
Having derived the X-ray flux as a function of photon en-
ergy on Earth originating from a past violent outburst in SgrA*
, we compare it to current levels from the Sun, as provided by
Peres et al. (2000), in their Figure 6. We depict the comparison
in Figure 1.
We compare our analytical fitting with detailed, numerical
simulations of an accretion disc including the corona structure.
The numerical simulations follow the model of Liu et al. (2016).
We adopt different values of the the ratio of the sum of gas pres-
sure and radiation pressure to the magnetic pressure in the disc,
β, of 50 and 100, and different values for the α viscosity of the
disc, of 0.1 and 0.3. For the range of accretion values that we use
in this work, we find no significant difference between the empir-
ical flux and the numerical simulations, so that for convenience
we use the former.
The most important features from Figure 1 are that: (i) At
about hν > 2 keV the irradiance originating from an active past
of SgrA* exceeds that from the Sun during the solar minimum,
regardless of λEdd. (ii) Starting at about 20 − 30 keV, the SED
from the assumption that SgrA* was active in the past starts to
become higher than that from the highest value which we can
expect from the Sun, a strong X-class solar flare. (iii) At around
hν > 10 keV the relation between irradiance and λEdd changes,
meaning that lower values of accretion result in an even higher
irradiance. This has already been explained in the disc corona
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model (Lu & Yu 1999; Wang et al. 2004). (iv) In the assumption
that SgrA* was active in the past, the SED extends out to higher
frequencies than what we can expect from the irrandiance of the
Sun, up to hν ∼ 102 keV (Vasudevan et al. 2014), the band of soft
γ-ray. This makes the potential active episode of SgrA* brighter
than the Sun in the hard-X-ray/soft-γ-ray, for all possible solar
scenarios.
2.2. A tidal disruption event
The scenario that we consider now is the following: The X-ray
luminosity of SgrA* can be temporarily enhanced by a tidal
disruption of a star close to the SMBH (see e.g. Rees 1988; Ko-
mossa 2012). The event rate is of about once every 104 − 105
years during the quiescent phase of SgrA* (Merritt 2010).
Historically, we know that TDEs must have a (1) soft, ther-
mal SED with an effective temperature of kT ' 0.1 keV, as al-
ready put forward by the pioneering theoretical work of Rees
(1988), but see also Ulmer (1999); Li et al. (2002); Chen & Liu
(2013) for more recent works. Indeed, this soft component has
been observed in TDE candidates (see the review of Komossa
2012).
However, as we started harvesting more and more data, ob-
servations have revealed (2) a hard X-ray emission from some
TDE candidates (Lin et al. 2011; Saxton et al. 2012; Nikołajuk
& Walter 2013). These TDE candidates exhibit strong power-law
components with 2 < Γ < 5 in the energy band hν > 2 keV. This
hard power-law component has an exponent of Γ = 3 whose lu-
minosity is 10% of the black-body emission, as empirically fitted
by Strubbe & Quataert (2011)
A possible theoretical explanation could be that these
originate from shock-heated, incompletely-thermalized material
around the SMBH (see e.g. Ulmer 1999; Strubbe & Quataert
2011). In these models, the emission would be isotropic. We note
here that we have observed hard X-ray irradiances exceeding by
orders of magnitude the maximum what can be expected from
these models (Burrows et al. 2011; Levan et al. 2011; Cenko
et al. 2012; Brown et al. 2015). In these cases, a highly colli-
mated jet originating from the TDE could be the source (Bloom
et al. 2011; Zauderer et al. 2011), but the chances that it is point-
ing exactly towards us should be very low. Additionally, the frac-
tion of TDEs producing a jet should also be negligible (see e.g.
De Colle et al. 2012). For the rest of this article, we will hence
not consider the jet model.
In Figure 2 we compare the irradiances of the two separated
scenarios: The AGN-like and the TDE one. These TDE candi-
dates exhibit strong power-law components with 2 < Γ < 5 in
the energy band hν > 2 keV. Observationally we lack the ca-
dence to catch the peak of the event, which should happen during
the first two weeks following the TDE.
Theoretically, the expected accretion during that time is so
high, Lbol > 3 LEdd according to our model, even approaching
102LEdd in the first couple of days, that there is not a well-
established consensus on our current accretion-disc models for
it (see, for instance, Ulmer 1999; Strubbe & Quataert 2011;
Coughlin & Begelman 2014; Piran et al. 2015; Begelman &
Volonteri 2017). I.e. we cannot convert the fallback rate of stellar
debris into luminosity. This is why we only display from day 14
onward in our figure.
In the figure we see that the TDE and the AGN-like models
seem to be at similar levels in the hard X-ray band, at least for a
period of time not superior to one month. However, we note that
the structure of the star (its mass, and radius, mostly), as well as
the orbital features of the TDE can lead to significant changes
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Fig. 2. Spectral irradiances from the AGN-like and TDE scenarios. The
four solid lines with increasing thickness depict the irradiances of the
tidal disruption (14, 28, 90, 365) days after the disruption of a solar-type
star. The four dashed curves are for the AGN-like possibility, adopted
from Figure 1. We apply the extinction law on the irradiance (Tan &
Draine 2004), so that the soft component is completely absorbed and
hence does not show in the figure.
in the flux and timescales (see e.g. equation 13 in Chen & Liu
2013).
3. Fluxes and fluences
In the previous section we have seen that the integrated hard (i.e.
starting at ∼ 2 keV) X-ray flux is of about 10−3 erg s−1 cm−2,
comparable to that from the active sun. This is true for the AGN-
like scenario and also for the TDE one, but only for the first two
weeks, since after that period of time the flux drops significantly,
up to three orders of magnitude after the first year.
Besides irradiance, another quantity which is often used to
evaluate the lethality of ionizing radiation is the so-called flu-
ence, i.e. the total amount of radiation injected into one unit
area. For this work, we consider fluence to be the total integrated
emitted energy in hard X-ray. We find that it is 103 erg cm−2 for
the TDE scenario, being conservative, since we only consider a
week of duration after the first two weeks. The AGN-like case
yields 3 × 109 erg cm−2 for a total duration of 105 years.
The impact of hard X-ray flux and fluence on Earth has been
discussed in the related literature in the context of gamma-ray
bursts (GRBs):
(i) Flux: It has been shown by Fishman & Inan (1988); Inan
et al. (1999); Mandea & Balasis (2006) that in the past 30
years several distant (soft) gamma-ray bursts (GRBs) had in-
duced similar level of irradiation on Earth, with fluxes of about
10−3 erg s−1 cm−2 at hν > 5 keV, causing disturbances of the
ionosphere. The kind of flux that we consider in the AGN- and
TDE-like scenarios could hence potentially lead to a more seri-
ous disturbance of the ionosphere, because they last longer, rang-
ing from a few weeks to as long as 105 years.
(ii) Fluence: This is why probably it is more useful to look
not at the flux, but at the fluence - Possible nearby supernova
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Fig. 3. X-ray irradiances across the solar system for the TDE and AGN-
like scenarios. The TDE is shown as grey, dashed lines, following the
same code as in Fig.(2) for the time duration. The AGN maximum and
minimum correspond to the upper and lower boundaries of the blue-
shaded area, respectively, and the thick blue line the average. The solar
irradiance is displayed as a red-shaded area. The upper- and lower limits
correspond to the solar maximum and minimum, respectively, and the
thick red line the average of the two. We mark the position of the solar
planets.
numerical studies predict a hard X-ray fluence in the range
(2−3)×106 erg cm−2, which leads to an ozone depletion of about
3% (Melott & Thomas 2011). Fluences of about 108 erg cm−2
lead to removal factors as high as (20−30)% (Ejzak et al. 2007).
While the TDE-like case is unlikely to reach these levels, as we
have seen, the AGN-like case exceeds this number by one order
of magnitude.
4. Discussion
There is growing evidence that SgrA* must have been active in
the past, more specifically as recently as several Myr ago. This
fact has motivated us to study the irradiation from a recent active
episode of SgrA* on Earth.
In this work we have estimated the flux on Earth emitted by
such as an episode. In particular, we have considered two dif-
ferent possibilities, a TDE and a recent AGN-like activity. We
show that for Earth, and out to Jupiter, the flux from a violent
X-ray activity originating at SgrA* is negligible compared to
the sun’s. I.e., from about 10 AU to the edge of the solar system,
the irradiation from SgrA* during its outburst predominates in
the entire X-ray band of hν > 1 keV. Most of the gas giants in
the solar system, including their moons, lie in this region, but
the corresponding reaction of their atmosphere has not been ex-
plored.
X-ray irradiation can also drive the chemical reactions in
dense molecular clouds (Krolik & Kallman 1983), and enhance
the abundance of organic molecules in protoplanetary discs
(Teske et al. 2011). The implication is that the ancient outbursts
from SgrA* may have played an important role in shaping the
habitable environments on planets, especially on those exoplan-
ets which are much closer to the Galactic Centre than our solar
system is.
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